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(54) Fuel filter indudirig slow release additive 

(57) The present inventk>n relates generally to a fuel 
fitter for use with Internal combustion engines, for exanv 
pte, but not limited to diesel engines in commercial vehi- 
cles. The fuel filter includes a fuel additive that can be 
released into fuel. The rate of release for the fuel can be 
controlled. One embodiment of the fuel filter is Illus- 
trated in FIG. 1. The fuel additive (42) is provided in ari 
irmer chamber (40) and maintained in fluid comrnunica- 
tion with the fuel in the filter via an opening restricted by 
baffle plate(s) 50 and/or a diffusion orifice (44). In alter- 
native en^diments. the openiiig into the inner chsinv 
ber dan t>e thermostatically controlled to Gmit fuel flow to 
the fuel additive. In alternative forms the fuel additiye 
can be released at a sut)stantialty constant rate to main- 
tain a uniform level of fuel additive in the fuel. Use of the 
present inventton . provides a fuel filter having an 
extended fife span that is k>ngerthan fuel filters typlc^ty 
used with combustion engines. 
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Description • 

n^LP OF THE INVENTION 

[0001] The present invention relates generally to a 
fuel filter for use with internal combustion engines, for 
example/but not limited to diesel engines in convnerciai 
vehicles. More spedficaily, the present invention is 
directed to a fuel filter containing a fuel additive that can 
be released into fuel and a method of releasing the 
additive Into the fuel. 

BACKGROUND OF THE INVENTION 

[0002] Fuel filters are necessary components used 
to protect combustion engines by filtering out contami- 
nants and thereby preventing damage to the engine and 
other downstream components such as valves, fuel 
injectocs, fuel linies and related components. Fuel can 
entrain a wide variefy of contaminants from a number of 
sources. Frequently fuel oxidizes and iotms resinous 
materials such as asphaltenes commonly referred to as 
vamishe^. Bacteria can grow in fuel, parfoutarly fuel 
that contains moisture. The growing bacteria forms a 
"slime* on inner surfaces of fuel tanks, fuel fines and fuel 
filters. The slime often sloughs off the surfaces and fuel 
transports the free slime through the fuel lines. The fuel 
filter filters out the varnishes and bacteria; however, in 
the process the varnish and bacteria block ttie fuel fitter 
element The blocked filter exhibits a reduced fuel flow 
and increases the pressure differential across the filter 
element, thereby re^dudrig engne performance and fuel 
efficiency. To maintain engine performance and reliabil- 
ity, the fuel filtisrs must be lepbded, often as frequently 
as every 2,000 to 4,000 vehicle niiles. For many vehi- 
cles, partk:ularly commercial trucks that travel hundreds 
or even thousands of miles a rnohtii, ^is significantly 
Increases vehicle miaintenance and operating costs and 
can rieduce reliability. 

[0003] Fortunately, the formation of varnishes and 
bcicterta growth can be inhibited by adding fuel additives 
such as antioxidants and biocides to the fuel. Oisper* 
sants can be added to break up and dissolve some of 
the existing material clogging the filters and other fuel 
related components. To t>e effecth^, the additives must 
be constantly rhaintained in the fuel. This is often diffi- 
cult. Unlike other fluid systems, such as the coolant and 
oil systems, the fuel system does not re-circulate ail of 
the fluid. Therefore, the additives nriust be continuously 
ackled to the fuel at a controlled rate. 
[0(K)4] It is difficult to maintain a constant or desired 
level cf an additive in the fuel. Typteaily an operator 
adds a bottled additive to the vehicle fuel tank with each 
fuel fill-up. While nnany bottled fuel additives are com- 
mercially available, often operators do not consistently 
add the additive with each fill-up. The additive might not 
be readily available or the operator may forget to include 
the additive. When the additive is added to the fuel tank, 



it does not always form a hompgeneous mixture with the 
fuel. Fuel tanks do not include Triable jnethpds for mix- 
ing fuel. GeneraRy operators rely upon the turbulence 
q-eated during a fillHip and by vehk:le motion to mix the 

5 additive and fuel. Furthermore, the additive concentra- 
tion in the fuel may vary, depending upon the amount of 
fuel added-assuming a set amount of addt^ is added 
with eatch fillrup. ' _ . 

[0005] The foltowing references provide a back- 

10 ground for filters In general that contain additives. 

[0006] Davis in U.S. Patent--|v4e.' 5,372,942 
describes a pressurized fuel fitter, having an additive 
embedded in wax; the waxAadditive composition dis- 
solves when contacted with fuel. Additional additwe is 

15 only added when a portk)n of the fuel becomeis ck>gged 
and the fuel level in the filter rises to contact and dis- 
solve additional amounts of the wax/additive <»>mposi- 
tion. 

[0007] Lefebvre in U.S. Patent No. 5,591,330 dis- 

20 closes an oil filter that includes a themioplastk: material 
ha^og oU oxidation and acidrftcation additives. The hot 
oil recirculating through the engine and the filter dis- 
soWes that thenmoptastk: material thereby releasing the 
additives into the oil. 

25 [0008] Hudgens in U.S. Patent No. 5,662,799 dis- 
closes a coolant filter for recirculating coolant The cool- 
ant filter includes a supplemental coolant additive (SCA) 
and a release means to maintain the concentration of 
SCA already dissolved in the recirculating coolant fluid. 

30 [0009] One of the design challenges addressed by 
the present invention is to control the release of fuel 
additive into the fuel. The present invention solves this 
challenge in several w^s, each of which is befiieved to 
be a novel and unobvious sohjtion. The solution avoids 

35 the undesirable side effects, whfch have already been 
described and can be exptoited to increase the mainte- 
nance interval, increase the fuel filter life span and 
enhance engine performance and fuel efficiency. 

40 SUMMARY OF THE INVFNTIOM 

[0010] In one form the present invention provides a 
fuel fitter for filtering fuel and adapted to release a fuel 
additive into the fuel at a controlled rate. The fuel filter 

45 comprises a housing assembly including an inlet and an 
outlet for fuel and defining an interior chamt>€r; a fitter 
elennent disposed within the interior chamber; a source 
of fuel additive disposed within the interior chamber, 
and a slow release means for controlling the rate of 

so release of the fuel additive into the fuel. The islow 
release means is positioned between the source of fuel 
additive and the fuel outlet 

[0011] In another form the present invention pro- 
vides a fuel fitter for filtering fuel and adapted to release 
55 a fuel additive into the fuel. The fuel filter comprises an 
outer housing assembly defining a fitter chamber, an 
inlet and an outlet for fuel; a filter element disposed 
within the filter chamber and positioned between the 
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inlet and the outlet for fuel; an inner housing assembly 
positioned within the filter channiber. ^e inner housing 
assembly defining an inner chariiber in fluid communi- 
cation with the Alter chamber; a source of a. fuel additive 
disposed within the inner chamber; and a diffusion con- 5 
trolled orifice positioned between the source of fuel 
additive and the fuel outlet . > 

[0012] in another fonm the present Invention pro; 
vides a method of releasing a fuel additive into fuel, the 
method comprises: providing a fuel filter containing a 10 
fuel additive, the fuel filter positioned between a source 
of fuel and an internal combustion engine; oohtacttng a 
portion of the fuel additive with a portion of the fuel to 
provide a fuel composition cpmprising fuel additive; and 
allowing the fuel composition to adrhix with the fuel. is 
[0013] In another fomn the invention provides a fuel . 
filter for filteting fuel and adslpted to release a fuel addi- 
th/e into said fuel at a controlled rate, siaid fuel fitter corn- 
prising a housing assembly including an inlet and an 
outle^ for fuel and defining a filter chamber; an inner 20 
housing positioned in the filter charriber defining an 
inner chamtier; a filter element dispose^d within said fil- 
ter chamber and positioned between said inlet and said 
outlet for fuel; a source of a fuel additive disposed within 
said inner chamt)er; a slow release means for control- 25 
ling flow of fuel to said source of fuel addrth/e; and a 
slow netease means for controlt'lhg the rate of release of 
the fuel additive into said fuel, said slow release means 
being positioned between said source of fuel additive 
and said fuel outlet 30 
[0014] In yet another form, the invention provides a 
fuel filter comprising housing means having an ir>let and 
an outiet for fuel and defining means for receiving a fuel 
filter elenr^nt and a fuel additive, and a means for pro- 
viding a controlled flow of fuel to contact said fuel addi- 35 
five to provide a controlled slow release of said additive 
into said fuel. 

[0015] One object ofthe present Invention is to pro- 
vide an improved fuel filler containirig a fuel additive. 
[0016] Further objects, features arwl advantages of 40 
the present invention shall becom^ apparent from the 
detailed drawing and the descriptions provided herein. 



BRIEF DESCRIPTION OFTH E DRAWINGS 
[0017] 
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FIG. 1 is a front elevational view in full section of 
one form of a fuel filter according to the present 

invention. so 
FIG. 2 IS a top plan view of a baffle plate for use with 

the fuel filter of FIG. 1. 

FIG. 3 IS a front elevatbnal view in full section of an 
altemat'ive embodiment of a fuel filter comprising a 
thermostat according to the present invention. ss 
FIG. 4 is a front elevational view in full section of an 
altemative embodiment of a fuel filter comprising a 
semipermeable membrane according to the 



present invention. 

FIG. 5 is a front elevational view in full section of 
another embodiment of a fuel fitter according to the 
present Invention. 

FIG. 6 is a front elevational view in full section of yet 
another embodiment of a fuel filter comprising a 
fuel additive briquette aocording*^- the present, 
invention; . _ 

DETAILED DESCRIPTIQN OF THE INVENTION 

[0018] For the purposeis of promoting an under- 
standing of the principles of the invention, reference will 
now be made to the enribodiments Illustrated in the 
drawings and specific language will be used to describe 
the sahne. It will, nevertheless^ be understood thiat ho 
lirnHation of the scope of the invention fe thereby 
intended. Any alterations and further modificattons in 
the described processes; systems, or devices and any. 
further apprKsatiohs of the principles of the invention as 
described herein are contemplated as would normally 
occur to on^' skilled in the art to which thei liiventitih 
relates. 

[001 9] • Referring to FIG. 1 , there is illustrated a fuel , 
fitter 10 according to one embodiment of the present 
invention. The illustrated emt)od*tment of filter 10 is 
intended to include basic comporients iri a construction 
that is typical of such fue;! fitters with the exception of the 
fuel additive and the siow-release means associated 
with the fuel additive. The bask: cohiponents of filter 10 
include housing 12 defining a filter chan^r 14, filter 
element 16 disposed within the filter chamt^er 14, drain 
opening 18 having an extemady threaded wall 19, arid 
cap 20 having internal threads adapted; to matingly 
engage externally threaded wall 19. A fuel additive 17 is 
disposed within housing 12. 

[OO26] Housing 12 includes a closed base erVd 22 
and at) open outlet end^4, which is crimped to the outer 
edge perq^ery of nut plate 26. The criniped combina- 
tioh creates a fitter house assemt^y 23. Nut plale 26 
provides the mlet openings 28 for fuel to enter filter 10. 
Internally threaded outlet aperture 30, which is defined 
bf nut ^te 26, provides the flow exit for the filtered fuel. 
[0021] Filter element 1 6 is supported on one end% 
outlet end plate 32 and on ari opposite end by base 
plate 34. Filter element 16 is bonded to end plate 32 to 
form a fluid tight seat Fuel enters filter chamber 14 
through inlet 28 ar^l. flows to annular space 35. From 
annutair space 35, fuel flows radially inward through filter 
element i 6 Into an iritenor regiori 37, then out through 
opening 39 of outlet 301 from outiet 30, fuel flows to ai 
combustion engine, which can include an cart^uretor 
system or fuel injection system (not shown). " " 

[0022] Base end plate 34 provides a siippprt and a 
seat for filter element 16, as well as for the coriiponents 
associated with tiie present invention, including the fuel 
additive 1 7, which is provided m the form of a plurafity of 
tablets or pellets 42; In the emtx>dtnr)ent illustrated by fil* 
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ter 10 base ptate 34 is spaced from housing 12 by 
spring 41. 

[0023] The foregoing description of the basic filter 
conponents and construction of fuel filter 1 0 is provided 
with regard to FIG. 1 and is applicable to the filter ele- 5 
meats. deleted in FIGS. 3-6. Accordingly the same ref- 
erence numerals will be used for the same con^nents. 
"Hfe cfifferences between fitters illustrated In FIGS. 1 and 
3-6 are embodied in the structures that house a pluralrty 
of coated tablets 42, io 
[0024] Referring to FIG. 1 . fuel filter 1 0 includes cap 
36 and base ptate 34, which matlngiy join together to 
fomn inner chamber 40. Cap 36 is substantially cylindri- 
cal and includes an upper portion 43 sized to have an 
outside diameter smaller than the inside diameter of fil- is 
ter chamber 14. Cap 36 includes an annular shelf 45 
and an upper wall portion 62. Annular shelf 45 provides 
support for filter element 16 and is adapted tp form a 
fluid tight 'ieal with the lower portion of fitter element 16. 
tipper wall portion 62 includes orifice 44, which pro- 20 
vides fluid conmiunication betwjeen Inner charnber 40 
^and inner region 37. The upper wall portion can also 
Include at least one. prefeFat)ty tWo. vent openings 46. 
Upper wall 62 Includes an axtalty protruding tapered dif- 
fusion tube 48. Diffusion tube 48 defines a tapered dif- 25 
fusion passageway for orifice 44. which extends 
therethrough and estabPishes a passageway of fluid 
communication between the inner chamber 40 and 
inner region 37. 

[0025] Refening additionally to Rg. 2. there is illus- 30 
trated a typical baffle plate 50 for use with the present 
Invention. Cap 36 can include, but is not required to 
include, at least one, preferably a pluraOty. of baffle 
plates 50. Each baffle plate 50 includes a pluraiiity of 
openings 51 formed therethrough. Baffle plate 50 is 35 
spaced from diffusion tube 48. In preferred embodi- 
ments, cap 36 iricludes three baffle plates 50 spaced 
from each other; each baffle plate individually ^fided 
about its peripheral edge to inner surface 52 of qaf) 36. 
It will be appreciated that in alternative forms cap 36, 40 
which includes ^ least one baffle plate 50, ne^d not 
include a diffusion control orifice or the diffusion tube 
48. VVhen thus provided, cap 36 has an opening provid- 
ing fluid communication witii filter chamber 12 and 
includes a sufficient number of bafifie plates 50 to 4$ 
obstruct and/or sjow the flow of fuel into inner charnber 
40 thus control, the rate of release of the fuel additive. 
Further, a pluraHty of baffle plates 50 can be provided to 
reduce turbulence in inner chamber 44. Preferably, each 
baffle plate 50 is spaced from an adjacent baffle plate to so 
misalign the plurafity of openings 51 in the adjacent baf- 
fle plates. In alternative forms, (not shown) one or more 
baffle plates 50 can be positioned between outiet aper- 
ture 30 and diffusion orifice 44. When so provided, a 
selected baffle plate adjacent to outiet oriflce 30 can 55 
define an end wall of inner chamber 40. 
[0026] As is illustrated in FIG. 1. cap 36 seats on 
base plate 34 and forms an inner housing 43 assembly 



that defines inner chamber 40. The only openings into 
inner chamfc)er 40 are the diffusion orifice 44 and yent 
openings 46. inner chamber 40 is substantially filled 
witii a fuel additive composition, which is illustrated in a 
fomn of a tat)let 42. It is understood that the fuel additive 
composition can be provided In a variety of shapes and 
sizes, including cubic, cylindrical, and sphenciTl.^ lypi- 
call^, tablets 42 are provided in a cubic shape to fill the 
inner charrber 40. 

[0027] Fuel from filter chamber 14 in filter 10 
migrates through the diffusion orifice-^into an inner 
chamber 40_. Fuel in inner chamber 40 contacts the 
outer coating 47 of fuel additwe tablet 42. Fuel then dif- 
fuses through the c(»ting 47 to contact the fuel additive 
composition, which dissolves in the fuel to provide a fuel 
composition comprising the dissolved additive. The fuel 
cornpo^ition difftjses back through coating 47 into inner 
chamber 40; The outer coating can stow the release of 
the fuel additive composition. The fuel composition 
mixes with fuel in inner chamber 40. 
[0028] Further, in preferred forms, the fuel additive 
is nriaintalned in the fuel filter put of direct fuel flow. The 
fuel additive is disposed in a zone of the fuel filter 
assembly out of the direct flow path of the fuel coursing . 
through the filter such that flowing fuel cannot directly 
impinge upon the additive itself. This can be accom- 
pOshed in selected embodiments by introducing flow 
ot)Stacles or obstructions into the fuel flow path, Exam- 
ples of such obstacles include structures, which can 
interfere with and/or redirect the fuel flow, such as baf- 
fles, and stnjctures to intenmittently. substantially stop 
the fuel flow to the fuel additive, for example a closure 
device such as a valve or a tfienmostat 
[0029] The fuel system is unlike the coolant and oil 
systems used with internal combustion engines 
because in some duty cycles the fuel system does not 
recirculate a significant portion of fluid. Therefore, under 
tiiese conditions, the majority of fuel entering into .filter, 
chamber 14 has not been recirculated ttirough filter 10 
and for all practical purposes does not include any dis- 
solved additive. While not intending to be bound by any 
theory, it is believed tiiat the concentration of dissolved 
additive in the fuel composition in inner chamber 40 is 
vastly greater than the concentration of dissolved addi- 
tive in the fuel in filter chamber 14 outside inner cham- 
ber 40. This concentration difference is significantly 
greater than would be expected in a recirculating fluid 
system. This concentration dlffereru^e creates a 
stronger thermodynamic driving force for the fuel com- 
position to migrate fi-om inner chamber 40 into filter 
chamber 14. In prefen-ed embodiments, baffle plate 50 
and/or diffusion orifice 44 are provided to inhibit or 
reduce the flow of fuel into and out from inner chamber 
40. This increases the duration fuel filter 10 provides 
fuel additive to the fuel and controls the rate of release 
of the fuel additive into the fuel. 
[0030] Inner chamber 40 provides a substantially 
quiescent regk>n insWe fitter chanriber 12 that does not 
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experience the currents created by fu^l flowing through 
fitter id Fuel can still be rnaintained in contact with ail 
the fuel additive in the fitter assernbly. As the concentra^ 
tion of dissoh«d fuel additive in inaer chamber 40 
increases relative to cqnqentrattion of the fuel addrtivje In 
filter chamber 14 the fuel cornposlttori rtiigrates or dif- 
fuses frorh inner chamber 40 Into fitter chamber 14 in an 
effort to achieve equiilbriunii, Tlie fuel composition com- 
prising the dissolved additive and the fuel diffuses 
through diffusiori tube 46 and diffusion orifice 44 that 
defines a restricted openifig for the migration of the 
higher concentration solution put of the inner chamber 
40 and mixes with Ifuel in fitter chamber 1 4. . \ 
[0031] The fuel additives for use in this invention 
can fc>e of fiquld or solid form. Two. or more fuel additives 
can be combined to form a fuel additive composition. 
' The fuel additive(s) can be corilppuhded witH a suitabie 
polyrner either for providing a splid or semisolid material 
such as talDlet 42 or form for providing a matrix to control 
th|^ rate of release of the additive Into the fuel. The fuel 
additive can further include a wide variety of Isinders, 
compounding agents and mold release agents. Wheni 
the additive is provided in liquid fomi, it is preferable, but 
not required, to combine ihe liquid fuel additive with a 
suitable agent to form a solid or semisolid materia). As 
used tierein, the tern> fuel, additive includes any com- 
merciaily known and/pr commonly used fuel addrtive 
that imparts beneficial properties to the fuel and/or the 
engine and related fuel-handling components. Common 
classes of fuel additives include: antioxidants, antiwear 
agents, cetane improvers, cforrosipn inhibitors, demulsi- 
fiers. detergents, dispersants, flow improvers, lubricity 
agents, and metal deactivators. 

[0032] Tablets 42 of fuel addttive include an outer 
hydrocarbon insolut^le coating 47. which encases the 
fuel additive composition t^et 42. Thie hydrbcait)on 
insoluble coating is selected tp be substantialiy insolu- 
ble In hydrocarbon fuel mlxtiires, yet be permeable to 
the fuel to allow the fuel to penetrate the coating and 
contact ttie fuel additive. A portion of the fuel additive 
dissc^es in the fuel ttiat has diffused tiirough the coat- 
ing tp provide a fuel composition that includes the dis- 
solved fuel addit'nre. The coating may be a hard coating 
or a soft pliable coating. In general, any coating materiial 
can be used with this invention, provided the coating 
aHows fuel access to the fuel additive cpnnrposition and 
does not harm downstream fuel systems, fuel injectors, 
valves and related engine components. 
[0033] Typical and preferred coating materials are 
commerdai available polymers co-polyrners and trfock 
copolymers including, , but not limited to: polyethylene 
glycol or polyvinyl acetate and mixtures thereof. Prefer- 
ably the coating is selected to provide an effective rate 
of release of the additive into the fuel. By effective rate 
of release, it will be understood that the additive is 
released at a concentration sufficient to provide benefi- 
cial properties to the fuel and related fuel-handling com- 
ponents. 



[0034] In other en^odiments. the fuel additive can 
be ernt>edded within a solid matrix. The matrix can be 
either hydrocarbon soluble or hydrocarbon insoluble. If 
the matrix material is hydrocarbon Insoluble, the fuel 
5 must t>e able to penetrate the. matrix and contact the 
fuel additive. It is particularly advantageous to' embed a 
liquid fuel additive in a solid matrix. This, provides one 
means of controlling the rate thelaSfiSve is released 
intotueK 

10 [0035] . Orie alternative design of FIG. 1 includes 
replacing the plurality of coated tablets 42 Witii a fewer 
number of miich larger pellets-w^tabfets. By reducihg 
the total surface area of the fuel additive for a specific 
mass of fuel additive composition, the additive compoisi- 

15 tion dissolves at a slower rate. 

[0036] Referring now to FIG. 3, an alternative 
embodiment of the present invention is illustrated. As 
has been previously mentioned, the basic filter compor 
nents of filter 110 are the same as those of filter TO, and . 

2o accordingly, the . same reference nunfibers have be^ii' 
used for the basic components! Alterhative and addi- 
tional components are refererrced with a one Kuhdf^d 
prefix designation. Located within filter 110 is cap 136 
arid base plate 34. Cap 136 includes opening 144 

25 fornied thefettiroujgh. Opening 144 can be provided in 
the form of a diffusion orifice that is defined by a. diffu- 
sion tube 148^ Thermostat 164 is provided in opening 
144. Thermostat 164 is adapted to control the flow of 
fuel into iriner chamber 40 and can be selected from a 

30 wide van|sty of comnfiercially available thermostats. For 
ejcamptei a wax type thermostat can t>e adapted for use 
in the prejsent invention. In prefen-ed operation^ the tiier- 
mostat opens in response to a tempefature leyel #luel 
in filter 110. When opened, the tiienndstat allows j^- 

35 sage fuel into inner chamber 40. Ttie tiiemostat ifel 
ban be Adapted to open in response to efther fuel that fei 
sufflctehtty warm or fuel that is sufficiently cool. 
[0037] In one preferred embodiment, thermostat 
1 64 opens in response to fuel that is sufficiently wairrti: 

40 Fuel a^itives providing additional benefits to warrh fuel; 
can t>e-^ieased on an as-needed release basis. For 
example, antioxidanls and dispersants can be added to 
the wami fuel to inhbit the deposition of resinous mate- 
rial on filter element 16. Dispersions can be provided to 

45 suspend or dissolve the resinous material, which are 
eventuali)j burned in an engine (not shown). In atterha- 
tive erT^3i<6fdiments, thie thermostat 164 opens when fUel 
in filter 110 is sufficiently cool. Cool fuel can be indica- 
tive of a recently filled tank or of fuel that has not been 

50 recirculried tiirough tiie fuel filter. In either case; tfie 
cool fuel; may requii;e additional additives to enharibe 
engine performance and/or fuel efficiency. Under cer- 
tain conc^ons fuel is circulated through the fuel injec- 
tors (not shown) where it becomes heated. The heated 

55 fuel can recirculated through the fuel filter. Since, tiie 
fuel has^^ready been tiirough the fuel filter, nb addi- 
tional add|ive may be needed. Thus, when ttie fuel is 
sufficiently warm, therrnostat 1 64 cari close and prevent 
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the addition of the fuel additive to the heated fuel. 
[0038] As an additional benefit, tablets 42 can 
include an anti-geHinc| agent for cfiesel fuel. Themiostat 
164 can operate to open in response to cool or cold fuel. 
The anti-gelling additives can be released on a need- 
release bai^s into the fuel to enhance engine perform- 
ance in cold weather. 

[0039] Fuel fitter 110 can also include, but is not 
required to include, one or more baffle^Dlates 150. Sim- 
ilar to the design of fuel filteriO, baffle plates 150 are 
positioned in inner chamber 40 adjacent to. opening 144 
in upper wall 162. 

[0040] Referring now to FIG. 4, another embodi- 
ment of the present invention is illustrated. The basic fit- 
ter comi^onents of fitter 210 are . the same as those of 
fitter 10, and accordingly, the same reference niffnbers 
have been used for the basic components. Attemative 
and additional components are referenced with a two 
hundred prefix designation. Located within fitter 210 is a 
cap 236 and base plate 34. Cap 236 iiidudes a double 
wall structure 267 that includes a semi-penneable 
membrane wafer sandwiched therebetween. 
[0041] Cap 236 includes inner surface 252. Inner 
surface 252 includes a unitary upper wall 262. which 
defines centrally therein ah orifide 263. The inner sur- 
face 252 includes molded thereon a small annular lip 
264 which serves as a retainer for circular plate 265. 
Plate 265 functions as a second wall in cooperation with 
upper wall 262 to hold in position therebetweei^ a sut>- 
stantiatty cylindrical diffusion or osmotic wafer 248. The 
preiferred material for diffusion wafer 248 is a micropo- 
rous polymer, co-polymer or block copolymer including, 
but not limited to: polyethylene glycol or polyviriyi ace- 
tate and mixtures thereof. Plate 265 defines centrally 
therein an opening 266, which is ajign^ with opening 
ortfice 263. This combination penmits the gradual rhigra- 
tlon of fuel into inner chamber 240 to contact tablets 42. 
Osmotic wafer 246 is positioned between the fu^l addi- 
tive and the outlet aperture 30 through vvhich theijtered 
fuel containing the fuel additive flows on towirtl the . 
engine (not shown). Use of the semi-permeable mem- 
brane in the form of membrane 248 perrnits only a grad- 
ual migration of a portion of fuel in filter chamber 14 into 
inner chamber 240. This provides a slow release? of the 
fuel additive conpQsidon into the fuel jib maintain a sub- 
stantially constant level of fuel additK^ejn the fuel sys- 
tem. 

[0042] In FIG, 5 there is illustrated yet another 
embodiment of the present invention. The basic filter 
cornppnents of filter 310 sire the sannie as tho^^^^f filter 
. 10. and accorrfm0; the same reference numl^ have 
been used for the basic components. Altern^tiy(e and 
additional components are referenced with a three hun- 
dred prefix designation. Fitter 310 includes bas^ plate 
334 having a lower wall portion 338. Lower W411 portion 
338 includes orifice 344 fonned thereiihmugh wh'^ pro- 
vides fluid communication between inner chami^r 340 
and filter chamber 314. Lower wail 338 alsocari include 



an axially protruding tapered diffusion tube 348. Diffu- 
sion tube 348 defines a tapered diffusion passageway 
for orifice 344 that extends therethrough and estab- 
lishes a passageway of fluid communication between 

5 the Inner chamt>er 340 and Alter chamber 314. 

[0043] Preferably upper wall 362 of cap 336 
includes at least one air vent opening 346. in oneafter- 
native form, outlet endplate 332 can include a siitD^^h- 
fially dfcular, hollow venTtiibe 372 extenarhg oblkjuely. 

10 therefrom and adapted to extend from outlet endplate 
332 through air vent opening 346 to pr<»«£te.fluid com- 
munication between region 370 that is proximate to inlet 
328 and inner chamber 340. In an alternative form, the 
outlet end plate does not include vent tube 372, anci air 

15 vert opening 346 can vent into the interior region 337 of 
filter chamber 14. In operation after afl the air in inner 
chamber 340 has escaped through air vent operiing 
34€, a portion of the fuel mixture in inner chamk>er 340 
could flow out air vent opening 346 into interior region 

20 337 and out outlet 30. preferably at a substantially loWer 
flow rate than fuel flows from annular space 35 through 
filter element 16 and out outlet 30. 
[0C44] In FIG. 6 there is illustrated an alternative 
ennbodiment of a fuel Alter 410 for use with the present 

25 invention. Fuel Alter 41 0 ihciudes a fuel additive In a siifi- 
gle large tablet or cartridge 442. While it is possible to 
include fuel additive cartridge 442 in either of FIG. 1 or 
FKa S, 3-5, the use of smaller coated tablets is preferred. 
By the use of smaller tablets, a larger mass of the fuel 

30 additive cari be loaded into the inner charht»er without 
an/ particular regard to the size or shape of the e^vaim- 
ber. 

[0045] While the foregoing description F>rovidied 
several embodiments for controlling the release of a j^el 

35 addith/e composition into fuel, it will be understood iliat 
the inner housing ass^bly can be formed to include a 
variety of structures and openings to allow migratioiri of 
fuel into the inner chamt>er. In preferred embodimeints, 
the inner chamber provides a quiescent region inside fll- 

40 ter chamber where a source of a fuel additive siir- 
rounded by a portion of the fuel flowing through the fuel 
fitter is protected from the typical fluid forces acting on 
the fuel in the filter. 

[0046] The present invention provides a method of 
45 enhancing the operation of an internal combustion 
engine. In one form, the enhancement is provided t^y 
controlling the release of a fuel additive into fuel. The 
controlled released of the additive maintains a constant, 
uniform concentration of additive in the fuel. In preferred 
50 embodiments, the additive is released in a controlled 
n^anner to maintain a substantially uniform concentra- 
tion of additive in the fuel despite the varying amount of 
fuel that is recirculated through the fuel filter. Use of the 
present invention decreases the maintenance time and 
55 costs, enhances engine performance and increased 
fuel efficiency. In another form, the Invention enhances ; 
the usable and/or effective lifespan of fuel fitters by pro- 
viding fuel additives tiiat effectively inhibit tiie fomiation 
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of resinous material such as vanishes and asphaltenes 
and help breakup or disperse such material that has 
been deposited on fuel handling components. 
[0047] According to the present invention, a diffu- 
sion tube, diffusion orifice, and baffles may be used to 
slow the release of the fuel additive into the fuel. The 
coating on the fuel additive also Omits the rate of addi- 
tive that is dissolved in the fuel. These mechanical and 
chemical arrangements may be used with a plurality of 
smaller fuel additive pellets, with a larger tablet, or with 
a singular, large cartridge of fuel additive. In an alterna- 
tive embodiment of the present invention, a semi-per- 
meable membrane wafer is sandwiched between ah 
upper wall and a retaining plate to provide a slow 
release means for the mechanism due to the composi- 
tion of the wafer. This mechanical arrangement may be 
used with a plurality of smaller tablets or larger tablets or 
some other form of fuel additives. Further, a themiostat 
can be included with the openings for each embodiment 
to provide a need-release feature for the present inven- 
tion. The thermostat opens in response to fuel that 
exhibits a tenriperature level within a pnsdetermined 
temperature range and pennits migration of fuel into the 
inner ctiamber. 

Claims 
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1 . A fuel filter for filtering fuel and adapted to release a 
fuel additive into said fuel at a controlled rate, said 
fuel filter comprising: 30 

a housing assembly including an inlet and an 
outiet for fuel and defining a fitter chamber; 



an inner housing positioned in the filter cham- 
ber and defining an inner chamber; 



ber and positioned between said inlet and said 
outlet for fuel; 

an inner housing assembly positioned within 
said filter chancer, said inner housing assem- 
bly defining an inner chamber in fluid communi- 
cation with said filter chamber, 
a source of a fuel additive disposed within said 
Inner chantber, and 

a slowTelease means for controlling l^e rate of 
release of said fuel additive Into the fuel, said 
slow release means being disposed between 
said source of fuel additive and said fuel outiet. 

3. A filter as claimed in claim 1 or 2, wherein said 
source of fuel additive includes a plurality of soluble 
fuel additive pellets. 

4. A filter as claimed in claim 1, 2 or 3, wherein said 
fuel additive is coated witti a hydrocaridon Insoluble 
coating. 

5. A filter as claimed in any one of the preceding 
dainr^. wherein the slow release means <»mprises 
a diffusion orifice. 

6. A filter as claimed in any one of the preceding 
claims, wherein the slow release means includes at 
least one baffle. 

A filter as claimed in any one of the preceding 
claims, wherein the slow release means includes a 
semipermeable menrtbrane. 



a filter element disposed within said filter cham- 
ber and positioned between said inlet and said 
outiet for fuel; "fo 

a source of a fuel additive disposed within said 
inner chamber; and 



8. A filter as claimed in any one of the preceding 
35 claims, wherein said slow release means includes a 

thenmostatically controlled orifice. 

9. A method of releasing a fuel additive into fuel, said 
method comprising the steps of: 



a slow release means for controlling the rate of 
release of the fuel additive into said fuel, said 
slow release means being positioned between 
said source of fuel additive and said fuel outiet 
and being an^anged to control the flow of fuel to 
said fuel additive. 



providing a fuel filter containing a fuel additive, 
said fuel fitter being positioned between a 
source of fuel and an internal combustion 
engine; 

45 contacting a portion of said fuel additive with a 

portion of said fuel to provide a fuel composi- 
tion comprising fuel additive dissolved in said 
portion of said fuel; and 
allowing said fuel composition to admix with 

so said fuel. 



A fuel fitter for filtering fuel and adapted to release a 
fuel additive into said fuel, said fuel filter compris- 
ing: 

an outer housing assembly defining a filter 

ctiamber. an inlet and an outiet for fuel; 

a filter element disposed within said filter cham- 



55 



10. A method as claimed in daim 9, wherein said fuel 
additive is coated with a hydrocarbon insoluble 
coating. 

11. A method as claimed in claim 9 or 10. wherein said 
allowing step includes positioning a diffusion con- 
trol orifice t>etween said fuel composition and said 
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fuel. 

12. A method as claimed in daim 9, 10 or 1 1, wherein 
said allowing step includes positioning at least one 
baffle plate between said fuel composition and said 5 
fuel. 

13. A method as claimed in any one of claims 9 to 12, 
wherein said allowing step includes allowing said 
fuel composition to diffuse into said fuel when, said io 
fuel exhibits a temperature level within a predeter- 
mined temperature range. 

14. A fuel filter comprising housing means having an 
inlet and an outlet for fuel and defining means for is 
receiving a fuel filter elemient and a fuel additive, 
and a means for providing a controlled flow of fuel 

to said fuel additive to provide a controlled slow 
release of said additive into said fuel. 
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Fig. 4 
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(54) Fuel filter including slow release additive 

(57) The present Invention relates generally to a fuel 
filter for use with Internal combustion engines, for exam- 
ple, but not limited to diesel engines in commercial ve- 
hicles. The fuel filter includes a fuel additive that can be 
released into fuel. The rate of release for the fuel can 
be controlled. One embodiment of the fuel filter is illus- 
trated in FIG. 1 . The fuel additive (42) is provided in an 
inner chamber (40) and maintained in fluid communtea- 
tion with the fuel in the filter via an opening restricted by 
baffle plate(s) 50 and/or a diffusion orifice (44). In alter- 
native embodiments, the opening into the inner cham- 
ber can be thermostatically controlled to limit fuel flow 
to the fuel additive. In alternative fonns the fuel additive 
can be released at a substantially constant rate to main- 
tain a unifomri level of fuel additive in the fuel. Use of the 
present Invention provides a fuel filter having an extend- 
ed life span that is longer than fuel filters typically used 
wtth combustion engines. 
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